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[57] ABSTRACT

A sensor arrangement for providing positional informa-
tion about a component (1) to a robot (11) comprises
sensors (4,5) sensing index marks (2,3) on the compo-
nent. The sensing arrangement dertves signals denoting
the extent of mispositioning of the object. These signals
may be fed to the control unit (20) so that the robot
carries out its preprogrammed task on the object in its
misplaced position. Alternatively the component is
shifted with the aid of said signals to a reference posi-
tion.

1 Claim, 8 Drawing Figures
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1
SENSING ARRANGEMENT

This invention relates to a sensing arrangement, and
in particular to a sensing arrangement for providing
orientation and positional information about compo-
- nents with which a robot is to perform a task.

Known robots or computer controlled machines are
typically programmed with a sequence of instructions
specifying arm movements required to perform a task

with one or more components. These instructions spec-
ify the spatial and time movement of the robot arm.

Commonly, at a partlcular time within the sequence of

instructions, precise positioning of one component rela-
tive to another is required. However, the component
can vary slightly in overall size and the previous han-
dling operations can produce misplacement of the ac-
tual position and/or orientation of the component rela-

tive to its reference position within the sequence of

instructions.

Although known robot control systems perform a
sequence of operations for positioning small articles, for
example micro-chips, when a high degree of accuracy is
required and/or the article is large, for example a car
body, then the above-mentioned misplacement can
cause problems.

It is an object of the invention to provide a sensing
arrangement to measure misplacement between a com-
ponent’s actual position and orientation relative to a
reference position and orientation.

According to the invention there is provided a sens-
ing arrangement comprising at least two sensors
adapted to view a component and to produce signals
representing in at least two dimensions a difference in
position between a reference position of the component
and 1its actual, misplaced, position.

In this way signals are produced representing the
misplacement of the article. These signals can then be
employed to ensure subsequent use of the component
relates to the actual position of the component even
though the component may have an erroneous position
and/or orientation relative to a reference position.

Preferably the sensing arrangement includes at least
two sensor means arranged to observe from known
spatial locations respective markers on the component,
the sensing arrangement includes control means to de-
tect coordinate data of the observed markers corre-
sponding to the actual position of the article and to
compare the detected data with coordinate data of the
markers corresponding to the reference position of the
article and to produce said signals therefrom. |

In this way the control means produces signals repre-

senting a difference between a reference position of the

article and its actual misplaced position. Conveniently .

the control means includes store means containing the
preset reference coordinate data of the markers corre-
sponding to the reference position of the component.
In one embodiment the at least two sensors are also
adapted to view a further component and the coordi-
nate preset data corresponding to the reference position

is set by the control means relative to the observed

position of the further component. In this way reference
markers corresponding to the reference position of the
component can be provided by a known spatial differ-
ence between the markers on the component and the
reference markers on a further component.

In a further embodiment the sensing arrangement
includes means responsive to said signals, to move the
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2

component into said reference position. Preferably said
means to move the component comprises at least two
stepper motors attachable to said component. Conse-
quently the signals cause the stepper motors to move

the component in said at least two dimensions so as to

move the component to its reference position.

Preferably the control means in the sensing arrange-
ment comprises a computer and the sensor means com-
prises an imaging device and means to convert an image
produced thereby into numerical representation. Such
imaging devices can comprise a t.v. camera or an array
of photosensitive cells having an address assigned to
each photosensitive cell.

In another embodiment of the invention a robot con-
trol system includes a sensing arrangement as defined in
claims 1 to 8, in which a robot is arranged in accordance
with store positional data to perform operations with
said component, the system including means to alter the

stored positional data in accordance with the said sig-
nals so as to enable the robot to perform said operations

on the article in the misplaced position thereof. In this
way the stored positional data representing the opera-
tions to be carried out on the component can be altered
in accordance with the misplacement indicated by said
signals.

Examples of the present invention will now be de-
scribed with reference to the accompanying drawmgs,
in which:

"FIG. 1 illustrates a block diagram of a sensing ar-
rangement embodying the invention in use;

FIG. 2 illustrates a component located at its reference

position;

FIG. 3 illustrates a component at its actual m13p1aced
position;

FIG. 4 illustrates the side view arrangement of the
sensors shown 1n FIG. 1;

FIG. 5 1llustrates the analyms of the detected marker
coordinates;

FIG. 6 illustrates a component at its actual misplaced
position for location to a reference position within a

further component;

FIG. 7 illustrates an arrangement of stepper motors
attached to a component at 1ts actual misplaced position
for location to a reference posnmn within a further |
component;

FIG. 8 illustrates a block diagram of a sensing ar-
rangement applicable to FIGS. 6 and 7.

Referring to the drawings, and in particular to FIG.
1, a substantially rigid component 1 is held by a mechan-
ical holding device 10. An arm 11 of a robot is to per-
form some task on the component. Instructions to oper-
ate the arm to carry out its task on the component are
provided from a robot control unit 20. These instruc-
tions include position and orientation data for the task
relative to the component 1. Any misplacement of the
component as a result say of component size error or
incorrect alignment of the holding device 10 causes the

- task to be performed at an incorrect position and/or

orientation. Where the task requires small tolerances,
for example assembly on a car chassis, then the mis-
placement can have a detrimental effect. '

The planar component 1 is illustrated in FIG. 3 as
having axes X and Y parallel to the plane of the compo-
nent and an axis Z perpendicular to the plane of the
component. The component has two reference markers

- 2 and 3 provided thereon which can comprise for exam-

ple a hole, notch or edge.
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The sensing arrangement comprises sensors 4 and S
located in known positions separated by a distance d.
These sensors are arranged to view these markers on
-the component. These sensors can comprise an imaging
device and a means to convert an image produced
thereby into a suitable numerical representation for
relaying to a control unit 9. The imaging device illus-
trated comprises a t.v. camera, although it will be ap-
parent that an array of photosensitive cells could also be
employed or some other form of sensors based on other
electromagnetic radiation or ultrasonic frequencies.

The component 1 is located in the holding device at
a nominal position. In this position the reference mark-
ers 2 and 3 fall within the field of view 4’ and §’ of the
cameras 4 and 5 respectively, as shown 1in FIGS. 3 and
5. The cameras are focussed to produce an image of the
reference markers which can be relayed to the control
unit 9. The image produced by the cameras is effec-
tively broken down into a number of Iines and segments
within a line by a central processing unit 8 in the control
unit 9. In this way the central processing unit can exam-
ine intensity readings for each segment and can there-
fore evaluate points of high and low intensity from a
total image. By suitable arrangement of lighting (not
shown) the markers 2 and 3 can be arranged to be points
of high or low light intensity. The central processing
unit 8 assigns an address to each segment and as 1s
known from pattern comparison techniques it can lo-
cate the position of the reference marker within the
overall image. Therefore, for two dimensions the cen-
tral processing unit can evaluate the X;, Y; coordinates
for each marker. These coordinates are the coordinate
data of the observed markers corresponding to the ac-
tual position of the component.

The central processing unit 8 has access to a store 7
contained within the control unit 9. The store holds
preset reference coordinate values X, Y, for each
marker when the component is located in a predeter-
mined reference position. It will be apparent that the
reference coordinates are effectively an address loca-

~ tion within the array of addresses assigned to the image

produced by the sensors. Alternatively, the coordinates
Xr, Y for each marker can be asstgned to the centre 4C
and SC of the field of view 4’ and §' respectively of the
image produced by the sensors 4 and §. In this way the
reference coordinate data is effectively preset by loca-
tion at the centre of these fields of view, as shown in
FIG. 2.

In both cases the central processing unit compares the
observed coordinate data X; Y; and X, Y, for each
marker. The processing unit calculates the difference
between the components actual position and its refer-
ence position by employing the equations:

Y + Y3

Y = 5

X2+ X
¥ = 22 3

and rotation about Z axis

D (I O
f — arcsm--d———

Therefore, the central processing unit can evaluate
the linear and rotational misplacement. |

"The control unit 9 then provides signals representing
in at least two dimensions the difference in position
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between the reference position of the component and its
actual, misplaced position. These signals are shown In
FIG. 1 to be fed to the robot control system 20. Since
the robot control unit 20 contains instructions with
positional data for instructing the arm 11 to operate on
the component, the signals corresponding to the mis-
placement between the component’s actual position and
its required position can alter the positional data of these
operational instructions so that the operations on the
component take into account the misplacement thereof.

In summary, the robot control unit 20 receives signals

from control unit 9, corresponding to the misplacement
information and adjusts its own operational data for arm
11 so that the arm 11 performs the operations on the
component in the misplaced position thereof.

It will be apparent that generally the said task or
operation on the component would comprise manipu-
lating a further component relative to the component 1,
the misplacement of which has been sensed. FIG. 6
illustrates a further embodiment of the sensing arrange-
ment in accordance with the invention wherein a com-
ponent 31 includes an aperture into which the compo-
nent 1 is to be located. Three sensors 4, 5 and 30 are
arranged as shown in FIG. 6 and 8. The sensor 30 lies
behind the sensor 4 in FIG. 8. These sensors are ar-
ranged to view the components 31 and 1 so that their
fields of view have within them reference markers of
both components. These sensors view the edges of the
aperture in component 31. FIG. 6 illustrates the compo-
nent 1 as being correctly located for insertion into the
aperture of component 31 when there is a difference x
between the left hand aperture edge and. the left hand
edge of component 1 and a difference y between the
lower aperture edge and the lower edge of component
1. Any misplacement of the component 1 can be sensed
by the sensors 4, 5 and 30 either by preset reference
coordinate data in the store 7 as above or by again
locating reference coordinate points at a position in the
field of view known by the central processing unit 8.
The relative displacement between the actual mis-
placed, component position and its reference position is
indicated by sensor 5 as d3, and indicated by sensor 4 as
d1, and indicated by sensor 30 as d2. Provided the annu-
lar error involved between the position of the compo-
nent 1 relative to the aperture of component 31 is small,
and the side length of the component 1 is considerably
greater than the centroid error of the component 1
relative to its reference position, then the processing
unit calculates the misplacement by employing the

equations:

Displacement of centroid in X direction X=d 3

~ Displacement of centroid in Y direction
Y=(d2+4d1)/2

Rotation of article 1 relative to
aperture=(d2—d1)2L.

where 2L is the distance between sensor 4 and sensor
30.

Therefore by employing sensors 4, 5 and 30 arranged
as illustrated, it is possible to evaulate a misplacement 1n
position between the correct, reference, position of the
component 1 for location in the aperture of component
31 and its actual misplaced position. In this way the

~ control unit 9 provides signals corresponding to the

misplacement of component 1 relative to the observed
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position of component 31. The robot control unit 20 can
then use the signals corresponding to the misplacement
between the components to alter its operational data so
that the operations on the components take this into
account. In summary, the robot control unit receives
signals from the control unit corresponding to misplace-
ment information and adjusts its own operational data
so that the operation of location of the component 31
with component 1 takes into account the misplaced
position of the component 1.

The signals from the control unit 9 have been de-
scribed hereinabove for use with a robot control system
to alter the operational coordinate data thereof. FIG. 7
illustrates a further embodiment of a sensing arrange-
ment wherein the position of the misplaced article 1s
actually moved as opposed to altering operational coor-
dinate data. In this embodiment, an article 31 includes
an aperture into which a component 1 is to be located.
Four sensors 4/, §', 30, 30" are arranged in a similar
manner as shown in FIGS. 6 and 8. The sensor 30" is
hidden by the sensor § in FIG. 8. These sensors are
arranged to view components 31' and 1 so that their
fields of view have within them reference markers of
both components. The sensors view the edges of com-
ponent 1 relative to the edges of the aperture of compo-
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component 31 and the left and right hand edges of com-
ponent 1 reduce to x (assuming nominal accurancy of
the component 1). In this situation the sensors §' and 30"
no longer indicate misplacement between components
31" and 1 so the control unit 9 no longer produces sig-
nals representing misplacement. Therefore, the signals
produced from control unit 9 corresponding to the

misplacement of the article 1 relative to the observed

posttion of component 31' are used to operate stepper
motors to move the component 1 relative to the compo-
nent 31'. This is particularly useful where the compo-
nent 1 1s held by a robot arm for insertion into a compo-
nent 31’ which is on a conveyor belt separate from the
robot having the robot arm. The stepper motors are
then actuated by the signals from the control unit 9 to
bring the component 1 into 1its correct, reference, posi-
tion for insertion into the aperture in component 31'. It
will be apparent that the stepper motors could be pro-
vided to move component 31"

Therefore the sensing arrangement embodying the
invention produces signals representing a misplacement
in position between a reference position of a component

- and its actual, misplaced posttion. These signals can

25

nent 31’. FIG. 7 illustrates component 1 as being cor-
rectly located for insertion into the aperture of compo- .

nent 31° when there 1s a difference x between left hand
and right hand aperture edges and left hand and right

hand edges of component 1 and a difference y between
the lower edge of the aperture in component 31’ and the
lower edge of component 1. Any misplacement of the

30

article 1 can then be sensed by the sensors 4, 5, 30" and |

30" as above.

The sensing arrangement shown in FIG. 7 also in-
cludes stepper motor means capable of moving compo-
nent 1 relative to component 31'. The stepper motor
means are tllustrated by stepper motor drive 40, 41 and
42. The drives can be driven by the signals produced by
the control unit 9. Initially drive 40 1s activated as a

35

result of the signal from control unit 9 to adjust the

position of component 1 relative to the component 31

to reduce to y the gap between the lower edge of the

aperture 31’ and the component 1. The drive 42 1s then
activated by the signals from control unit 9 to reduce to
y the gap between the lower edge of the aperture in
component 31° and the lower edge of component 1.
Sensors 4' and 30" will in this situation indicate that
there 1s no misplacement of the component 1 relative to
the component 31’ for the Y axis. Thereafter, the con-
trol unit signals activate drive 41 to operate until the
gap between left and right hand edges of the aperture in
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then be employed to either alter the positional data
contained in the instructions of a robot control unit to
enable the robot to perform the operations on the article
in the misplaced position thereof or can be employed to
enable the sensing arrangement itself to move the posi-

tion of the observed component from its misplaced

position to the reference position.

The sensors described hereinabove can be of any type
which provide an image or numerical representation
either directly or indirectly of reference markers which
enable its coordinates to be evaluated. The sensors can
be visual or based on other electromagnetic radiation,
for example infrared or ultraviolet or ultrasonic.

- I claim: |
1. A control system for controlling the insertion of a
component into an aperture, comprising:
- means for providing markers on said component;

at least two viewing sensors disposed in predeter-
- mined fixed positions to view said component and
said aperture and responsive to said markers to
- produce signals representing gaps between edges
of said components and corresponding edges of the

aperture; and '

drive means responsive to said signals and coupled to

produce relative movement between the compo-
nent and the aperture to reduce said gaps to respec-

tive predetermined values.
x % % %x %X
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